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Section 1

INTRODUCTION

This Operating Manual is for a Programming System for Numerically
Controlled Plame Cutting of Shipe Parts. Computer programs, complete
with operating instructions, flow diagrams, and program listings,

are included. Sample programs and special instructions are provided
to clarify the use of the System. '

The Syéten presented herein has been developed using:

— 1BM-1620 computer, 60K memory, with card and tape input
and output

— California Computer Products No. 560 digital plotter,
connected on-line to the computer

— IBM No. 026 printing key punch
- Flexowriter No. NC-1

~— Air Reduction Company *Tape-0-Graph" flame cutting machine,
with General Electric Co. Mark Century director

Because this egquipment was used in developing the System, the programs
written by the Project and presented herein are for these specific
units.* The System Flow Diagram, using the AUTOMAP II** parts program-
ming language and the equipment specified above, is shown im Fig. I-1.

Programs can be written for and, in some instances, are already available

for similar equipment of other manufacturers.

*The presentation of zhese computer programs does not constitute endorse-
ment or recommendation for any specific product, but are presented as a
guide to the requirements for any system developed around any combination
of equipment-.

%k
Programmers' Manual available to users directly from IBM Corp.

5.0.0 I-1
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Fig. 1-1 Systes Flow Diagram for Numerically Comtrolled Flame Cutting
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The System presented here has had imposed upon it the requirement that
it be able to accept information from the engineerimg/working drawings
in the form presently used. This ability say laad to the earlier uwse
of the System, but improved design formats based on numerical control
requirements would allow for more efficient programming.

5.0.0 I-3
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Section II

THE PROGRAMINEG SYSTEM

The input information with which the parts programmer starts is
obtained from the working drawings and from the loft. The loft
information can come from either the comson graphical loft or from a
mathematical loft.

Al

5.0.0

G ical Loft

If the programmer is to obtain his information from a graphical
ioft, he must have all of the final corrected offsets for
frames, including all waterlines, buttocks, offsets for sight
eodges of decks, longitudinals and shellplates. In sows
instances, it may be necessary to have more offsets than just
the normel smount used by the graphical loft. Experience will
indicate the optimum number required.

These offsets must be accurately measured and verified. If a
dimengsion is misread, which is not uncomson, a bad part will be
produced. A point reading X-Y plotter could be used to over-
come this problem and to spsed up the process of obtaining
offsets.

Yor parts programming, the offsets should be listed in a differeat

way than is ordinarily used. A suggested form for such listing
is shown in Fig. II-1.

II-1
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Mathematical l.oft*

If the parts programmer receives his information from a mathematical
lofr, he must he given a similar printout and a deck of cards con-
taining the same information furnished by the graphical loft. In
Addition, he must have cards containing the coefficients of the
equations which define the hull form at the frames. These cards
must contain the limits of the equations, i.e., the points of
begiming and ending of that part of the curve defined by that
particular equation, and the frame number defined. Typical punched
cards, giving hull coefficients and coordinste data, are shown in
Fig. II-2.

The programming language specifications require that the language
be capable of accepting the coefficients of cubic equations of the
form X = ay> + by> + cy + d. 1If the hull is defined in amother
manner, such as by conic equations, then the parts programming
language selected must be capable of accepting that form of inmput.

Working Drawings

Working drawings as presently dimensioned do not give the informa-
tion in the form required by a parts programmer; therefore, the
programmer must convert much of the dimensional information to

coordinate form.

If the hull form information is to be loft offsets, it may be more
convenient for the programmer to place this information on the
working drawing. Fig. II-3 shows a sample workiag drawing to which
coordinate identification has been added.

*
Assumes the use of the mathematical lofting system developed under

Contract NObs-4427 (Ref. 1)

5.0.0 I1-3
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PROGRAMMING THE PART

Once having the input information in the format desired, the programmer
can then proceed to program parts for cutting. He can program these
parts either manually or by computer, depending upon the complexity of
the part.

A. amming for Tape Punch itex

For the simplest parts, the programmer may find it more efficient
to prepare the program for a tape-punching typewriter. To do this,
he prepares a written program, listing all of the instructions
needed to guide the machine. Generally, he can direct the machine
in straight line or circular cut only."r He must know the begimming
and ending points of all lines and their intersections with circles.
If he must define cnrves’:*and this is not recommended in manual
programming, it is necessary that he segment the curve in a series
of straight lines of such length that the curve will be simulated
within the desired tolerance.

Manual programming of rectangular parts is relatively simple,
especially if the cormer points are known. However, one can
readily see that the complexity of programming increases rapidly
when it becomes necessary to find the points of tangency between
lines and circles, intersections of lines and curves, or segment
curves into a series of straight lines. In most of these cases,

it is recommended the part be programmed by computer.

The programmer lists on a form all of the machine instructions

in the sequence desired and in the format understandable by the

*
Some directors have the additional capability of cutting parabolic curves.

Other than cireular arcs

5.0.0 I11-6




machine director. This information is then punched into tape,

using a tape-punching typewriter. This paper tape can then be

fed into the machine director. A sample parts program is given
in Appendix A.

Because the tape thus produced is used directly i. the machins,
nesting of multiple inrts on a single plate must be done before
programming. and the whole plate of parts progrsamed in sequexce
from the same axis. This type of nesting can be very time-coasuming,
and it will probably be more economical to program even the

simplest of parts by computer if they are to be nested on s single
plate.

I1f the burning machine to be used does not have asutcmatic kerf
compensation, the path which the flame takes must be defined, rather
than defining the actual edges of the part. This is to compensate
for the material removed.

Programming for Computer

In this method of programming, we depend upon the compater to solve
all of the arithmetic c2lculations to:

determine points of intersection

segment curves

offset the flame path sufficiently to compensate
for kerf width

We also have the computer complete the conversion of the data inmto

punched tape with the hole pattern in a format acceptable to the
*

buriing machine.

5 .
Refer to Ref. 2 for a detailed explanation of computer parts programming
language capability.
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To program parts by computer, the programmer first describes the
geometry of the part in the programming language selected; he then
lists the operations the machine must make to cut the part.

By using NMACRO irnstrt.u:tioustr programming effort is greatly reduced.
This time-saving feature is demonstrated in the part programs
decaiied in Appendix B, which inciudes:

The program using only the basic language capabilities

of AUTOMAP**

The same program using six MACRD instructions

Ten MACRO imstructions written to minimize programming of

repetiticus operations and functions
A library of punched cards containing these macros is maintained,
and the appropriate cards are selected, as required by the programmer.
The MACRO cards are read into the computer after the compiler has
been inserted and before the actual parts program is used.

Once the offsets from the graphical loft, or the coefficients of ;
equations from the mathematical loft are known, they, too, can be

pre~punched and appropriately inserted in the program card deck.

The fourth section of Appendix B shows the same program using this

capability. ’ _ . {

By using the two above-described features, savings in time required

to write the programs for the sample floor is summarized as follows:

Written Programming 1
Instructions  Preparation
Required Time
Program using only basic language
capabilities 148 2.5 hrs
Program using six of the MACRO
instructions 48 .8 hrs
Program using (a) MACROS, and (b)
pre-punched coefficients & coordinates 25 .5 hrs

*32e Page A-5 of Ref. 2 for complete description and use of MACROS
**For complete details in the use of AUTOMAP, see Ref. 3

5.0.0 I1-8
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The programming process as described thus far has been developed
within the capability of language and equipment available to the
Project. If a high-volume of programming work is available to
justify rental costs, the process can be made significantly more
efficient with:

Greater computer memory capacity to permit use of MACROS
large enough to define similar repetitive paris complietely

When the system is placed into full production operation, these
and other improvements will undoubtedly be generated to make the
process of programming parts more efficient. The fifth section

of Appendix B indicates what may be expected to be typical programs
for similar parts under a high-volume programming operation.

KEY PUNCHING THE PROGRAM (FOR COMPUTER)

The  completed parts program next goes to a key punch operator who punches
the input cards for the computer. Tape-punched computer input is not

recommended, except perhaps in a very low-volume operation.

Experience has shown that a key punch operator skilled in normal business
data card punching can be readily taught to punch numerical control tapes

and cards.

COMPUTER OPERATION

After the cards are punched, they are supplemented with any pre-punched
cards called for in the program to form the data input to the computer
language program. MACRO cards are read prior to the data input, as

previously stated.

The computer operating instructions are furnished with the language

5.0.0 II-9




programs (ref. 3) Training in the use of the parts programming
language and in the operation of the computer is generally furnished
free of charge by the computer manufacturer.

CHECKIRG THE PROGRAM

The parts program must be checked for accuracy before cutting a part.
This checking can be done during the computer operation and at some
phase prior to the post processing.

The procedure developed uses an "on line™ plotter which is used to
draw a reduced-gcale picture of the part. Experience has shown that
programming errors (as opposed to messurement errors) are readily
discernible on a small-scale plot of the part and are usually also
easily corrected at this time.

The plotting program and operating instructions for use with the AUTOMAP
language, the IMM-1620, and the California Computer Products Co. plotter
‘are included in Appendix D. Similar programs can be written for other
languages, computers, and plotters.

A typical plot produced on a Cal-Comp plotter is shown in Fig. II-4, and
Fig. II-5 shows the plot of a part containing programming errors -to
demonstrate how readily distinguishable such errors become. A typical
part plot from a General Dynamics 4020 plotter, employing the APT
language, is shown in Fig. II-6.

5.0.0 I1-10
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Fig. 11-4 Typical Plot of Part Produced on Cal-Comp Plotter
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THR NESTING FROCEDIRE

The nesting procedure developed employs the plot of the parts which were
produced for checking purposes in the previous step, and the punched
cards which were used to generate the plots.

The procedure used is as follows:

a. The plotted, scaled parts are cut out around their periphery
with scissors. This need not be a precise operationm.

b. These plots are then manually nested on graph paper on which
the plate dimensions have been outlined. This operation is
shown in Fig. II-7.

c. For each part, the X and Y coordinates of the location of any
two widely separated known points on each part, such as
corners, are read from the graph and recorded on a form such
as {8 shown in Fig. II-8.

d. This information for each plate iz then punched into cards,
one card for each part.

e. These cards are then merged with the cards which were used in
the original plotting operation.

f. The cards are then re-run in the computer, where the original
dimensions are rotated and translated to their new locations
on the plate, and then post processed to produce a tape for
the burning operation.

g. Using either cards or tape, a final sketch can be drawn on the
plotter to show actual sequence of motions of the burning machine.
Figure II-9 shows such a sketch.

The program and operating instructions for the post processor. (which
includes the nesting routine) for the AUTOMAP language and General
Electric Co. Mark Century director, are gi#en in Appendix E.

The IBM-1620 program. and operating instructions for plotting the GB

Mark Century tape on a California Computer Products Co. plotter is

given in Appendix P.
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ERROR CORRECTION

During computer operation, errors may appear which were caused by incorrect
part programming. In many instances these errors can be corrected without
repeating previously-perforwed operations. Appendix C shows several methods

for correcting such errors at the various phases of computer operation.

Through short-cut methods of correcting errors, significant savings in
programming time can result.
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Appendix A

Fig. A-1 Drawing of Sample Part UNC-1
to be Manually Programmed. . . .

Fig. A-2 Manual Programming of Sample
Part Showing (1) Handwritten
Entries and (2) Programmed
Information Typed Thereon Using
a Tape-Punching Typewriter . . .




Appendix A

MANUAL PARTS PROGRAM

When a part consists mainly of circular arcs and straight lines which
are parallel to the axis systems, it may be more economical to prepare
the control tape without the aid of a computer.

SAMPIE PROGRAM

In programming the part shown in Fig. A-1, the first step was to make
the calculations shown on Page A-3 to locate points la and 2a on the
centerline path of the torch. After these points were located, the
part was programmed (Pig. A-2). The time required for a proficient

programmer in this operation is about the same as for a computer pro-

grazaing.

The information was then punched into tape using a tape-punching type-

writer which also reproduced the programmed information onto the

program sheet under the handwritten entries. This function provides a

way to check the accuracy of the tape-punching process. i

The cost of preparing this tape was:

Calculation 1/4 hr. @ $4.00 = $1.00
Programming 1/2 hr. @ 4.00 = 2.00
Tape punching 1/4 hr. @ 2.40 = .60

Total $3.60

This amount is roughly half of what the eonst would be to prepare this
tape by computer. As the parts increase in complexity, however, this

ratio is quickly reversed.
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MANUAL CALCULATIONS Time: 15 minutes

Center of Cutter
Parallel to Line 2

LINE 2 (1.75 , 8.00 , 5.445 , 2.50)

Equation - Line 2

3.690% _
Slope = 5.50 -.67182
X = 0.67182 Y + 7.12455
(; Equation - Circle CR1

52 = (2-6.75)% + (7-8.00)2

Equation of Genter of Cutter Parallel to Line 2
Tool Radius = 1.0
X =-.67182 Y + 5.9198

Point la

Y = 1.50
X'= 4.9121

Equation of Centerline of Cutter Around Arc CR1
6% = (%-6.75)2 + (¥-8.00)%
Interseciion
36 - ¥ + 16.0 Y - 64.00 = (~.67182 Y + 5.9198 - 6.75)°
- ¥ +16.0Y - 28.00 = .45134 Y> = 1.1155 Y + .68923
1.45134Y> - 14.8845Y + 28.68923 = 0
¥ - 10.25570Y +19.7674 = 0
: 5.1008
V.2
4 "—b-.t_zl’._'_ﬁi‘i \/26-1098
{ Point 2a

Y = 7.6828
X = 0.7583
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AIR REDUCTION TAPE—O—GRAPH
NUMERICAL CONTROL MANUSCRIPT

PART HUMBER _A IRCo TRHOT™
PART NAME UANC-)
MATEMAL _20-4 % 15

G1%-08160¥06200F0700

56 [T T T T T 171
GIXY00303F5000

-1 T T T T T T T "1
G2X06000Y06000J06000KF 0800

5-8 7o T~ T T T 1T 1T T1T7

Glx OOOYF 1000

I T 1T 1T [T
I T T 71T 1T T-
T T 1T 17
GIX05750YF0900
[T W11 WT Me3xvI[A3lr-3lHel [ 1 1
GUXYM-3M-5M-6
[ WGalXYIHol 1 1 [ 1 T
GYxYMO o
AR I - - 1 OO -~ 1 I Y I O - 1~ S - N N A N IO S
| T WO T MWTTT W0 TWiT i1 W[ W 1 1 T [ T 71T 71 T
17 W7 W7 W0 (Wi Wil Wl W [ [ 1 [ T T 71
HITT W[ W1 TWTT W77 Wl W T 1T T T T 1T T T
| T W] W7 W T W77 BT W 7 [ T 1T 71 1 71
[T W T WTTT W7 Twl1 Wil WC W T [ T T T T T 7

Fig. A-2 Manual Programaing of Sample Part Showing (1) Handwritten Entries and (2) Programmed
Information Typed Thareon Using a Tape-Punching Typewriter
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SAMIIE COMPUTER PARTS PROGRAMS AMD MACRO INSTRUCTIONS

INTRODUCTION.

PARTS PROGRAM EMPLOYING ONLY BASIC AUTOMAP

CAPABILITIES.

PARTS PROGRAM EMPLOYING AUTOMAP MACROS.

Appendix B

® o ¢ o e s ¢ = 8 s s s s s =
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MACROS - INSTRUCTIONS FOR USE . . . . . . .

PARTS PROCRAM EMPIOYING TABCYL ARD CUBIC
COEFFICIENTS. . . . . & v v o o v o o o = &

STANDARD PROGRAM FOR FLOOR FRAMES 46-52 . . . . . . .

TYPICAL PARTS PROGRAM FOR FLOOR FRAMES 46-52
USING FULL FRAME MACROS .
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Appendix B

SAMPIE COMPUTER PARTS PROGRAMS AND MACRO INSTRUCTIONS

INTRODUCTION

Part 1 of this Appendix is a computer parts program written for
numerically controlled flame cutting of a floor at Frame 52 of the
DLG-33. A sketch of this part is shown in Fig. B-1. The program
employs only those basic capabilities which were written into AUTOMAP
(or AUTOMAP 1). This part required 148 instructions to program, 96
of which were needed to define the periphery, and 52 to defime the
cutouts. 1In addition, it was necessary to manually segment the curves
to obtain the data for the parts program.

Part 2 gives a parts program for the same DLG-33 floor, as described

in Part 1, emwploying macro capability. Only 48 programming instructions
were required to described the part, 42 of which defined the periphery,
and 5 the cutouts. The program still required the manual segmentation

of the curves.

Part 3 of this Appendix gives 10 macros, written to employ the Macro
-capability of AUTOMAP 11. These macros are pre-punched into cards and
filed for use as required. They need never be reprogrammed and can be
called into a parts program by a single statement starting with "Domac."
As a programmer gains experience, he can prepare other macro instructions

to reduce programming time.

Part 4 is another parts program for DIG floor Frame 52, but in this pro-
gram the TABCYL and general cubic capabilities of AUTOMAP are employed
to -define the curves. The hull contours have been previously described

by cubic equations so that the coefficients of those equations can be

(S}
O
o
to
i
P




used in the program. The inner hull contour is defined by a tab cylinder
through the known strisger imtersectioms. Im this piogrea, oaly 25
instructions were required to define the part.

In Part 5, a MACRO instruction for a full floor is used to define floor
frames 46 through 52. The parts programs for each floor now requires
only one instruction and the necessary data points and equations to
define it. At this time, AUTOMAP does not have the capability to
accept MACRD's this large. However, the potential economies to be
derived from such capability is apparent in these programs.
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12'. 6 FLAT (Y. 150.0)

LS LWRC

[
- SITEDG 3 M

/e PLE 32
\ , FLOOR FRAME 52
A" 4
+5 ' DWG.NO. I0}i-32
SETPT 23 MAY  RWF

‘Fig. B=1 Sketch of Floor Frame 52, PLG-33
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HULLS

STR6

CL6
TAN6
LWR6
1NBD6
UPR6

LWRC

STR7

cLy7
TAN7
LWR7
INBD7
UPRY7

STR8

cLS
TANS
LWR8
INBDS
UPRS

5.0.0

PARTS PROGRAM EMPLOYING ONLY BASIC AUTOMAP CAPABILITIES
REMARK HULL CONTOUR

(i.e., Mo Macros or TabCyl)

FROM/128.,0,53.0,0,0
TLRAD/ 0,050
TOLER/0,030
FEDRAT/20.0
-Llﬂi/l:?.?h 53.5,132,39,57,87
GHXYM2M3M-4
GX25 YMEM-2
GEXYMEMEM-I;
IND IR, VECTOR/—1.,0,1.0,0,0
GOTO/HULLS
GORGT/HULLS
GOLFT,LINE/132.39,57,87,137.37,62,86
GOLFT,LINE/137.37,62.86,142.07,67.90
-PO'NT/I%OSO 7’.0 0.0
GOLFT,LINE/ 152 o7.67.90,srns
=L INE/STR6, ATANGL ,~0,0
=L INE/STR6,PERPTO, CL6
=GOLFT,LINE/PARLEL , CL6, YSMALL , 2.5
=L INE/PARLEL , TANG, XSMALL,12,0°
=L INE/PARLEL ,CL6, YLARGE, 2.5
GOFWD ,C IRCLE/LWR6, YLARGE , 1 NBD6 , XLARGE ,RAD 1US 0.5
GOFWD/ INBD6
GOFWD , C IRCLE/UPR6 , YSMALL , INBD6, XLARGE ,RAD 1US ,0,5
GOFWD ,UPR6
GOLFT.L INE/STRG; 150.72 78.23
=POINT/153,12,81.
GOLFT,LIxE/ 180,72 58 23 LWRC
FAR,GOLFT,CIRCLE/CENTER, kac RADIUS, 1,5
GOLFT,LINE/LWRC,154,71,83,
GOLFT,LiNE/15k,71, 83.55 158.51 89.01
=POINT/161.42,9%.50,0
GOLFT,L INE/ 158,51 69.01 STR7
=L INE/STR7, ATANGL ,~32.1
=L INE/STR7,PERPTO.CLT
=GOLFT,L INE/PARLEL, CL7,YSMALL ,2.5
~LINE/PARLEL , TAN7, XSMALL, 12 0
=L INE/PARLEL ,CL 7, YL.ARGE , 2
GOFWD,CIRCLE/LWR7,YLARGE ; |NBD7,XLARGE RAD 1US o.s
GOFWD/ 1MBD7
GOFWD ,C IRCLE/UPR7,, YSMALL , INBD7, XLARGE ,RAD1US , 0,5
GOFWD/UPRY
GOLFT,LINE/162,13,94,65,165,61,100,51
GOLFT,L INE/165.61,100551, 165.97.106 66
GOLFT,LINE/ 168,97, iuo.66, 17227,113.,15
=POINT/175.0,119,0,0,0°
GGLFT,LHNE/I72 '27.118,19,STRS
—L l nul e | n NT NSL ==s!r.~r
=L |NE/STRB, PERPTO, CL8
=GOLFT,LINE/PARLEL, CL8, YSMALL , 2,5
=L INE/PARLEL , TANS, XSMALL, 12,0
=l | NE/PARLEL ,CL8, YLARGE , 2,5
GOFWD,CIRCLE/LWRB YLARGE , INBDS, XLARGE ,RAD 1US, 0.5
GOFWD/ INBDS
GOFWD ,C {RCLE/UPRS, YSMALL , INBDB, XL ARGE ,RAD 1US 0,5
GOFWD JUPRS
GOLFT,LINE/175756,120526,178,95,128,15
GOLFT,LINE/178595,128115, 182,72, 137.57
GOLFT,LINE/ 182272, 137257, 187,40, 150,
QULFT LGN&/YSB 75 150,0 ialg i °

< G)
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50
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SOV

L

wn
.

REMARK

PERSS

INBSS
urss

Lw8s

REMARK

REMARK

CIRC1
HORIZ1

INNERBOTTOM CONTOUR
GOLFT,LINE/153;75,150,0, 151561, 1##.0
GORGT,LINE/151361, 1440, 149509, 13850
sonsr LINE/149,09,138 0, 1h6,23,132.0
AR,GOLFT,CIRCLE/146,23,13230,1.5
COLET LINE/146,23,132,0, 1&2.56 125‘0
-Lluzlibz 50,125,0, ATANGL ,~29, b
=L INE/ 142,50, 125 .0, PERPTO, Paaia
=L |NE/PARLEL , TABB , XLARGE , 8 :
=GOLFT, L INE/PARLEL . rznaa,§LAne:, 2.5
GOFWD ,CIRCLE/UP8S, YSMALL , INR88, XSMALL ,RAD1US, 0,50
GOFWD/ INB8S
=L INE/PARLEL ,PERBS, YSMALL , 2,5
GOFWD,CIRCLE/LWBS, YLARGE , I NB8S, XSMALL ,RAD1US,, 0,50
GOFWD/LW88
GOLFT, L INE/14255 125.0 139.58,120,0
Goner,LluEIlas.sé 120,5,13558%, 1140
GORGT,LINE/135,82, 11k;0, lsk. 111.62
=L INE/13h,25,111,62, ATANGL - 6
=L INE/134,25,111.62,PERPTO; PER77
=L INE/PARLEL , TA77, XLARGE , 820
=GOLFT, L INE/PARLEL ,PER77 YLARGE 2,5
GOFWD ,CIRCLE/UP77,YSMALL, INB77, XSMALL ,RAD1US 0,50
GOFWD/ INB 77
-LINEIPARLEL PER77,YSMALL, 2,5
gggxg}clncLzle77 »YLARGE , 1NB77, XSMALL ,RAD 1US 0,50
GOLFT, L|N£/13h 25,111562,131,77,108.0
GORGT, "LINE/131% 77. 108,0 .127 » 102 .0
GORGT,LINE/127 k. 102.0,12
GORGT,L INE/122,80,9630, 117,86 gg
GORGT,LINE/117.86,9050, 112359,
GORGT,LINE/112759, au 0,109.12 au.zs
GOLFT.LINE/109.12, 00.25,127.85.53.50
GOPAST/HULLS.
GLXYM-6M-5H-3
GO T0 /128.0,5340,0.0
END
LIGHTENING HOLES:
FROM/128,0,52.0,0.0
TLRAD/03050 .
TGLER/0.010
FEDRAT/100,0
G0TO0/134,0.65.46
LUWER. CiIRGOLAR .C
GLXYMIM3M-L
GLX25YMut-2

[ad ]
GHXYMSMEM;

=CIRCLE/ 13k, 0 65 58,2
-Llne/lau 0.6 %ANGL 0.0
FEDRAT/ 20, 6
INDIR VECTOR/0.0,I 0,0.0
copast/norIzZt =~
GOLFT/HORIZT..
GOTO/CIRCT ..
FAR, GORGT/CIRCI
GOPAST/HORIZ1
GLEXYM-5M-6M-3

0.0
TOU

[
e
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REMARK

CLLWR2
PRP2
LCTR2
RCTR2
uPPT2
LWPT2
CIRUPZ

REMARK
R¥%
K31
HORIZ3
VERT3
UPR3
LWR3

CENTER LIGHTENING HOLE
FEDRAT/160.0 - -
¢0T0/135,0,922,5,0,0

=L INE/1%1.0,9255 , ATANGL ,~36,,0
wL INE/141.0,92.5,PERPTO, CLLWR2
L INE/PARLED PRS2, XSMALL, 158
=L | NE/PARLEL -PRP2, XLARGE , 1,5
=PO INT/ INTOF /CLLWR2,LCTR2
=POINT/ INTOF/CLLWR2,RCTR2 -
=C IRCLE/CENTER, UPPT2,RAD 1US, 7.5
GhXYM2M3M-i

GUX25YMiM-2

GLXYMSMEM-4

FEDRAT/20.0 ,
INDIR,VECTOR/~1,0,0,0,0.0
GOTO/CIRUP2

GORGT/CIRUP2

GOFWD, L INE/PARLEL ,CLLWR2,YLARGE, 7.5
GOFWD .CIRCLE/CENTER, LWPT2,RADIUS, 7.5
GOFWD L INE/PARLEL ,CLLWR2, YSMALL , 7.5
GGFWD/C IRUP2 - -
GOPAST, L INE/0,0,91,75,ATANGL 0,0
GHXYM-5M-6M-3

UPPER i.IGHTENING- HOLE
=CIRCLE/154,0,11150,7+5 °
wCIRCLE/157.0,111.0,7.5
=L INE/ 1540, 111,08, ATANGL ,0,0

=L INE/155.0, 1110 ,PERPTO,HOR 123
wL INEZ 1552511825 , ATANGL , 0,0

=L INE/155 .5 103 .5, ATANGL ,0,0
FEDRAT/10000 - -
GOTO/154,5,106,0,0.0
GXYM2M3N-1i

BLX25 YMiM-2

GhXYMEM6H-4

FEDRAT/ 20.0

ING IR, VECTOR/0,0,-1,0,0.0
50TO/IWR3

GORGT/LWR3

GOFWD/R30

GOFWD/UPR3

[laias iy Ina

Fevery dvgy

GOPWD/LWR3 ,PAST,VERT3

GLXYM=5M-6M-3

FEDRAT/Iﬂﬂno

G0T0/128,0,52,0,0.9

FINI
This program, employing only basic AUTQMAP capabilities, required
148 instructior 96 to define the periphery, 52 to define cutouts
5.0.0 B-6




PARTS PROGRAM EMPLOYING AUTCMAP MACROS

REMARK HULL CONTOUR

START =DOMAC/128.0,53.0,6.0,0,050,0,010, 20.0

HULLS =LINE/127.74,53.5, 132.39 57.87
INDIR,VECTOR/=1,0,1,0,0.0
GOTO/HULLS
GORGT/HULLS
GOLFT,LINE/132,39, 57.87.137.37.62 86
GOLFT,LINE/137.37,62.86,142.07,67.90
GOLFT.LINE/142.07,67.90,146.50,73.0

LFTCT2 =DOMAC/ 146 .5, 7320,~020,12,0,2.5,0.5
GOLFT,LINE/146550,7320,150.72, 78.23
GOLFT.LINE/150.72,78.23,153,12,81.50
FAR,GOLFT,CIRCLE/153212,81,50,1,5
GOLFT,LINE/153,12,81.50,15h, 71, is.ss
GCLFT,LINE/15ho71, 83.55 158.51.09.01
GOLFT.LINE/158.51,89.01, 161 uz.ss.so

LFTCT2 =DOMAC/161.42,93,5,~32,1,12.0,2.50,0.50
GOLFT,LINE/162,13.9h,65,165,61,100,51
GOLFT,LINE/165.61,100.51,168,97,106,66
GOLFT,L INE/168297,106.66,172.27,118.19
GOLFT.LINE/172,27,113% 19.175.0 119.0

LFTCT2 =DOMAC/175.0,119,0,-2k2k,12,0;24.5,0,50
GOLFT,LINE/175256, 1207 26,178295, 128,15
GOLFT.LINE/178.95,128.15,182.72,137.57
GOLFT LINE/182,72, 137.57.187.h0 150,00
GOLFT,L!NE/0,0, 150,0,ATANGL,0.0

REMARK INKERBOTTOM couroua

GOLFT,LINE/153.,75, 150.0,151 61, 1#& 0
aoasr,LlhEitrl.sl lhh.o,lus.os.iss.o
GORGT, L INE/149.09,138,0, 146,23,132.0
FAR,GOLFT,CIRCLE/146,23,132,0,1.5

GOLFT,LINE/ 146,23, 132, 0,142,50,125,0

LFTCTL =DOMACH 142,50, 125,00,-30.0,8.00,2,50, 0.50
GOLFT,LINE/ 14245, 125.0.139.58,120.@
SORCT.LINE/ 139258,
BIRGTILINE/135.82,11k,0; 13k

LETCTh =DOMAC/ 134,25, 111 62.—33.8
GOLFT,LINE/134,25,111,62,
SORGT,LINE/131477,10820,1
GORSTILINE/ 1272 kls, 102.0,1
BORGT .1 INE/122280.96.0, 1
(‘LuRuT LINE/II7.86 A 0, 1
GORGT,L INE/112559, Bk 0,10
GOLFT,L INE/109.12,80.25,1

EhD =JOMAC/ 126.0,53.0, u.u HULLS

REMARK  LUIGHTENING HOLES -
START =DOMAC/128,0,5340,0.0,0 5050404 oto, 20.0
CTCIRT =DOMAC/ 13k, 0 65.#9 0.0,
LLTHOL3 =DOMAC/133, 92 36. ,7.5 1.5 1.0
LTHOL3 uneval £0400011150,040,745,145,1.0

FIN

This program, employing six MACROS, required only 48 pro-
gramming instructions: 42 which defined the periphery,and
5 the cutouts.
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INSTRUCTIONS FOR USE

1. MACRO instructions must be loaded in card reader before
parts program deck

CIOUT = DOMAC/"XCOORD™ , "YCOORD" , "ROTATION ANCIE",

(This to be followed by the variables A, B, C, D )

All MACROS must be given location and rotation angle.

Rotation angle may not exceed + 89.5°




5.0.0

MACRO FOR START

START =MACRO/A,B,C
SETPT =PCINT/0,0,0,0,0.0

FROM/SETPT
TLRAD/A
TOLER/B
FEDRAT/C
GhXYM2M3 M4
GhX25YMiM=-2
G XYMSMEM~1
TERMAC

tmwman

Note: This MACRD is a substitute for seven normal
instructions which are used to describe the start-
ing point, tool radius, tolerance, feedrate, and
the auxiliary functions required for torch opera-
tion.

Example
START = DOMAC/128.0,53.0,0,0, .040.030,20.0

Explanation

From a point located at Buttock Line 128 and
Waterline 53, no rotation is involved. The
Radius of the torch is .040, the tolerance
required is .030, and the feedrate is to be
20 inches per minute.

MACRD FOR END

END
P1

=MACRO/A
=POINT/0.0,0,0,0.0
GOPAST/A
GUXYM=3M=5M=6 ]
GOTO/P1
END
TERMAC

Note: This MACRO is a substitute for four normal
instructions which are used to describe the
closing cut, the torch off operation, and the
point to which the torch must return to end the
sequence.

Example: f
END = DOMAC/128.0,53.0,0.0,HULLS ;

Explanation

!
§
Torch should return to a point located at buttock g
line 128 and Waterline 53. The flame will go out :
after torch passes the contour defined as Hull 5. |

B9




CICIR1

Fig. B-2 MACRC POR CIRCULAR CUTOUTS

( a
>

START CUT
8 oo RADIUS=A

[ |/

o
[ X
u
LIRS - A = RADIUS OF CIRCLE
& v
[ 4
y b B = BRIDGE WIDTH

CTCIR1 =MACRO/A,B
PTI0  =POINT/0.0,0.0,0.0
PTI1  =POINT/1,0,0.0,0.0
CIRC1 =CIRCLE/CENTER,PT10,RADIUS,A
HORIZ1 =LINE/PT10,PT11
( VERT1 =LINE/PT10,PERPTO,HORIZ1
PERP12 =L INE/PARLEL ,VERT],XSMALL ,A
PAR12 =L INE/PARLEL,HORIZ1,YLARGE,B
PERP13 =L |NE/PARLEL ,PERP12, XLARGE, 0. 75
FEDRAT/100.0
DNTCUT
GOTO/PT10
IND IR, VECTOR/=1,0,0.0,0.0
GOTO/PERP13
GORGT/PERP13
cuT
GOPAST/PAR12
FEDRAT/20.0
GLXYM2M3M—bs
GLX25YMuM~2
GLXYMEME M=
GOLFT/PAR12
FAR,GORGT/C IRC1
GOPAST/HORI Z1
GisXYM=5M=6M-3 s
TERMAC

wmn

EXAMPIE OF USE
CICIRl = DOMAC/134.0,65.48,0.0,2.0,0.0001

{ EXPLANATION

Cutout full circle whose center is at Btk. 134.0 and WL 65.48
No. rotation is involved, the radius of circle is 2.00" and
no bridge is required.

5.0.0 R-10
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LFTCT2

MACRD FOR STRINGER CUTOUTS

-4
3\
2y
]
K uPR 2 "‘
o
~X ~al cLz _ X
o
Z
AN r
*c‘.’ T A = LENGTH ;
B = WIDTH
2
C = CORNER RADIUS
D = CONTOIR

LFTCT2 =MACRO/A,B,C,D

P21  =PCINT /0.0, O 0,0.0

P22 =PO INT II.O 0.0, 0 0

cL2 =L INE/P21, P22

TAN2 =LINE/P21, PERPTO CL2

LWR2 -LINE/PARLEL cL2, YSMALL B

UPR2 -LINE/PARLEL cL2, YLARGE B

1NBD2 -LINE/PARLEL TANI XSHALL A

ARC21 -CIRCLEILNRZ YLARGE INBDZ XLARGE ,RADIUS,C
ARC22 -CIRCLEIUPRZ YSMALL INBDZ XLARGE , RADIUS c

GOLFT/LWR2
GOFWD/ARC21
GOFWD/ INBD2
GOFWU/ARC22
GOFWD/UPR2
GOLFT/D
TERMAC
RAAHFLE OF USE
1FTCT2 = DOMAC/140.0,362.54,-28.0,8.0,2.5,0.50
EYPLANATION

Cut stringer cutout located at BL 140.0 and WL 362.54 at an angle
The slope of the cutout is -28° with an 8" length, and half width
of 2.5" , and corner radius of .50"

5.0.0 B-11
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LTHOL3

¥ig. Bei MACRO FOR LICHTENING HOLES

A = RADIUS
B = RADIUS OFFSET

C = BRIDGE WIDTH

_.l }*L‘R3
LTHOL3 =MACRO/A,B,C
PTA  =POINT/-8,0.0,0,0
PTB  =POINT/B,0.0,0.0
PTC  =POINT/0.0,0.0,0.0
R30  =CIRCLE/CENTER,PTA,RADIUS,A
R31  =CIRCLE/CENTER,PTB,RADIUS,A
HOR1Z3 =L INE/PTA,PTB
VERT3 =L INE/PTC,PERPTO,HORIZ3
UPR3~ =L INE/PARLEL HOR}Z3,YLARGE,A
LWR3 =L INE/PARLEL JHORIZ3,YSMALL ,A
L31 =LINE/PARLEL,LWR3,YLARGE,0.25
L32  =LINE/PARLEL,VERT3,XSMALL,C
DNTCUT
FEDRAT/100.0
GO TO/PTC
INDIR,VECTOR/0.0,~1,0,0.0
G0 TO/L31
> cuT
GO RGT/L31
FEDRAT/20.0
GLXYM2M3M=L s
GHX25YMisM-2 s
GhXYMSMEM-1 s
GO LFT/L32
GORET/LWR3
GOFWD/R30
GOFWD/UPR3
GOFWD/R31
GOFWD/LWR3,PAST,VERT3
GAXYM-5M-61-3 s
TERMAC
wu‘. ‘OF USE
LTROL3 = DOMAC/141.0,92.5,-36.0,7.5,1.5,1.0
TANATION

Cutout lightening hole whose center is located at Btk. Line 141.0
and WL 92.5, rotated 36° clockwise, with 7.5" radius offset 1.5"

and with a 1.0" bridge.

in
[~
(]
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( : LFTCT 4
Pig. B-5 MACRO FOR STRINGER CUTOULS

Y
} uPR 4 ’;c,’
-X‘——-+ . o4 - - X

-

<! -] A = LENCTH

r A 3

I TR 4 . € = CORNER RADIUS

( LFTCTh =MACRO/A,B,C,D

Pkt =POINT /0.0,0.0,0.0
P42  =POINT /1.0,0.0,0.0

CLk  =LINE/Ph1,Ph2

TANG =L INE/Phi PERPTO,CLA

UPRE =L INE/PARLEL, Lk, YLARGE,B

LWRE =L INE/PARLEL,CLk,YSMALL ,B

INBD4 =L INE/PARLEL , TANG, XLARGE , A

ARCHT  =C IRCLE/UPRY,YSMALL , INBDR, XSMALL ,RAD 1US,C
ARCE2 =CIRCLE/LWRL, YLARGE , | NBD4, XSMALL ,RAD IUS, C

GOLFT/UPRL
GOFWD/ ARCH1
GOFWD/ I1NBDL
GOFWD/ ARCL2
GOFWD/LWRAL
GOLFT/D
TERMAC
EXAMPIE OF USE
INTCTL = DOMAC/140.0,362.54,-28.0,8.0,2.5,0.50
EXPLANATION

Cut stringer cutout located at BL 140.0 and WL 362.54 at en angle.
The slope of the cutout is -28% with an 8" length and half width
of 2.5™ and & cornmer radius of .50%

5.0.0 B-13




Pig. B-6 MACRD FOR STRINGER CUTOUTS

TOP S _PTS2 \
A
@
D)
g , & )
E ¥ & )
P [ % \~
BT 51 éfwr 0 TANS \
]

VERT 5 must be a vertical reference A = Height of Cutout
1line previously described B - 1/2 Width of Cutout

LFTCTS =MACRO/A,B

PT50 -POlNT/O 0 0.0

PTS51  =POINT/=8,0 6.0

TANS  =LINE/PT50,P PTSI

PERPS =L INE/PT50,PERPTO, TANS

TOPS =L iNE/PARLEL, TANS,YLARGE,A
LFTEDG =L INE/PARLEL .PERP5 , XSMALL ,B
PT52 =POINT/B,A,0.0

RGTEDG -LINEIPTSIEPARLEL ,VERTS

GOLFT/LFT
GOFWD ,CIRCLE/LFTEDG, XLARGE , TOP5, YSMALL ,RAD 1US 0., 20
GOFWD/TGPS
GOFWD , C IRCLE/TOPS , YSMALL ,RGTEDG, XSMALL ,RAD 1US 0, 20
GOFWD/RGTEDG
TEI\F"‘C

ERAMPLE

LETTTS = DOMAG/120.0,70.0,60.0,2.0,2.0
EXPLANATION

locate a cutout centered &bout BL 120 and WL 70 at an angle of 60°.
The cutout to be 8" deep and 3.0" each side of the center, with
right edge parallel to a vertical reference line.

5.0.0 B-14




PT 62 TOP6
/ ]
’
N g o g
& a [ X
§ H
> -~ [ W]
’
7 TAN 6 {?FTGD PTE
VYert 6 must be a vertical reference A = Height of Cutout

line previously described.

B = 1/2 Width of Cutout

LFTCT6 =MACRO/A,B

PT60 =POINT/0.0,0. 505020
PT61 =POINT/-B,0
TANG  =LINE/PT60, Pr&l
PERP6 =L INE/PT60,PERPTO, TANG
TOP6 =L INE/PARLEL, TANG, YLARGE ,A
PT62 =POINT/=B,A,0.0
LFTEDG =L INE/PT62,PARLEL ,VERT6
RGTEDG =L INE/PARLEL ,PERPS, XLARGE , B
GOLFT/LFTEDG
GOFWD ,C IRCLE/LFTEDG,, XLARGE , TOP6 , YSMALL ,RAD 1US . 3 .50

EXAMPLE

LFICT6

EXPLABATION

GOFWD/TOP6
GOFWD ,CIRCLE/TOP6 , YSMALL ,RGTEDG, XSMALL ,RAD 1US , 0,50

GOFWD/RGTEDG
TERMAC

= DOMAC/120.0,70,0,60.0,8.0,3.0

locate a cutout centered about BL 120 and WL 70 at an angle of 60°.
The cutout to be 8" deep and 3.0" each side of the center, with
left edge perallel to a vertical referemce line.

5.0.0
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LTHOLV

Fig. B-8 MACRO FOR LIGHTENING HOLE

LTHOLV =MACRO/ A, B, C

PTA  =POINT/ 0.0, B, 0.0

PTB  =POINT/ 0.0, -8, 0.0
PTC  =PCINT/ 0.0, 0,0, 0.0
R30  =CIRCLE/ CENTER, PTA, RADIUS, A

R31 =CIRCLE/ CENTER, PTB, RADIUS,A
VERT3 =LINE/ PTA, PTB

HORIZ3 =LINE/ PTC, PERPTO, VERT3

RGT3 =LINE/ PARLEL, VERT3, XLARGE, A
LFT3 =LINE/ PARLEL, VERT3, XSMALL, A

131"  =LINE/ PARLEL, LFT3, XLARGE, 0.5
=L INE/ PARLEL, HOR1Z3, YLARGE, C

L32
DNTCUT
FEDRAT/ 100.0
€0Te/ PTC
INDIR,VECTOR/ ~1.0, 0,0, 0,0
GoTS/ L31
CJUT
GORGT/ L31
FEDRAT/ 20,0
Gl XYMZM3M=4
GHX25YMlM=2
G4XYMEMOM=-4
GOLFT/ L32
GORGT/ LFT3

[ -

GOFWD/ R30
GOFWD/ RGT3
GOFWD/ R31
GCFWB/ LFT3, PAST, HORIZ3
GL4XYM=5M=6M=3
TERMAC
‘EXAMPLE
LTHOLV = DOMAC/100.G,50.0,0.0,7.5,1.5,1.0
EXPLANATION

Cutout lightening hole whoe center is located at BL 100, WL 50 and

has a vertical axis.

The cutout has two arcs of 7.5" radius located

1.5" above and below the horizontal reference and has a 1% bridge.

5.0.0
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BRIDGE

Fig. B-9 MACRO FOR BRIDCE

BRIDGE =MACRO/A,B

PTC  =POINT/0.0,0,0,0,0
GORGT/CIRCLE,CENTER,PTC,RADIUS, A
GLXYM=5

L2B  =LINE/PTC,PERPTO,B
GOPAST/L2B
GL4X25 YMh s
GUXYM-LM5ME s
GOLFT/L28
GURGT/B
TERMAC

EXAMPLE
BRIDGE = DOMAC/106.G,42.0,0.0,1.0,HULL

-EXPLANATTON

Locate a tie (called a bridge) centered at BL 106 and WL 42, rotation
not involved. The torch to go out 1" before reaching the point and
then igniting outside of part. Return to hull and continue cut.
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PARTS JPROGRAM EMPIOYING TABCYL AND CUBIC COEFFICIENTS

REMARK HULL CONTOUR :
HULLS =CUB/ h668034712-4922214407 5129493563 5017251054, 48,0, 96.0,
4593381301-4853097921 5113265133 5053314230, 96,0, 1h4,0,
5581616139-4848015372 5112533246 5055753853, 144,0, 192.0,
START =DOMAC/128,0,53,0,0,0,0,050,0,010,20.0
INDIR,VECTOR/~1,0,1,0,0,0
GOTO/HULLS
GORGT/HULLS
LFTCT2 =DOMAC/146.5,73.0,-40,0,12,0,2,5,0,5,HULLS
FAR,GOLFT,CIRCLEZ153.12,81.50,145
GOLFT/HULLS - :
LFTCT2 =DOMAC/161,42,93:5,-32.1,12,0,2,5,0,5,HULLS
LFTCT2 =DOMAC/175.0,119,0,-24,4,12,0,2,5,0,5 HULL5
GOLFT,LINE/0,0,150,0,ATANGL,0,0

REMARK INNERBOTTOM CONTQUR

INBOT =TABCYL/156,67,162,0,155,46,156,0,153,75,150,0,149,09,138,0 -
143,06, 126.0, 135,82, 11k.0,127.43,102.0,117.86,90,0,112,59,84,0
106.96, 78,0, 100,93, 72,0
GOLFT/ INBOT :

FAR,GOLFT,CIRCLE/143,06,126.0,0.0
GOLFT/ INBOT Sy

LETCTh =DOMAC/ 142,5,125,0,~29,.4,8.0,2.5,0.5, IKBOT

LFTCTh =DOMAC/13h,25,111.62,-33.8,8.0,2.5,0.5, NBOT
GOLFT,LINE/109.12,80.25,127.88,53 .50
GOPAST/HULLS

REMARK LIGHTENING HGLES
CTCIR1 =BOMAC/134,0,65.48,0,0,2,0,0,0
LTHOL3 RDOMACI'33.0.9205.“3600.705 I.Sil.O

LTHOL3 ng?g?C/lSh.O,ll130,0.0,7.5. 05,10

Using 6 MACROs and mathematically defined curves, the original program
which took 148 instructions can now be pregrammed with only 25 imstructions

5.0.0 B-18




STANDARD PROGRAM FOR FLOOR FRAMES 46-52 (Fig. B-10)

FLIRFR = MACRO/A
REMARK HULL CONTOUR

HULL = DOMAC/CUBIC
START = DOMAC/SETPT
INDIR VECTOR/-1.0,1.0,0.0
GOTO/HULLS
GORCT/HULLS
IFTCT2 = DOMAC/STRCG 6
SITEDG = DOMAC/SITEDG, 3H
LFTCT2 = DOMAC/STRG 7
LFTICT2 = DOMAC/STRG 8
GOLFT/PIAT 12

REMARK HULL CORTOUR

IRBOT = DOMAC/TABGYL, L10,19,18,L7,L6,15
SITEDG = DOMAC/SITEDG, 4I
IFTCT4 = DOMAC/18
LFTCT4 = DOMAC/L7
GOLFT/LONG55
END = DOMAC/HULL

REMARK LIGHTENING HOLES
CTCIRl = DOMAC/C1
LTEOL3 = DOMAC/IH1
LTHOL3 = DOMAC/IH2
TERMAC
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Fig. B-10 Floor Frames 46-52
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TYPICAL PARTS PROGRAM FOR FLOCR FRAMES46-52
USING FULL FRAME MACROS

YIDOR FRAME 46

The complete parts program would consist of only one instructiom:
FLFR = DOMAC/46

This would require that a lead deck of cards locating the structural

points and defining the contours which describe Frame 46 be inserted

into the computer just preceeding the part prograa card.

The following information would be required:

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Cubic equations, hull

Locetion Str 6

location Sight Rdge #3 Hull Plate
Location Strg. 7

location Strg. 8

Description of Plate 12

location Loditudinals 10,9,8,7,6,5
location Sigh: Edge #4, immer-bottom plate
Description of Longitudinal 55

Iocations of lightening hole cutouts.

The above should be readily available on pre-punched cards as output
data from the mathematical loft.

FIOOR FRAMKS 47-52

The above process would be repeated with the corresponding data

to produce tapes for floor frames 47 through 52.

5.0.0
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PHASE

PHASE

1.

2.

Appendix C

METHOD FOR CORRECTING ERRORS IN PROGRAMMING

CONIENTS

TINPUT. « ¢ ¢ « ¢ o o o o a ¢ ¢ o o s o o o
JIOUTPUT. ¢« & ¢ & o « ¢ o« « o o o o o o o «
Correcting Phase I OQutput. . . . . « . . . .

Correcting Phase IT Qutput . . . . « « . . .

POST PROCESSOR OUTPUT. . . . . s s e e s e o e 4.
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Appendix C

METHOD FOR CORRECTING ERRORS IN PROGRAMMING

PHASE 1 INPUT

When operating Phase I of AUTOMAP with Program Switch 2 on, some errors
made in programming will cause the computer to type an error message
symbel, the erromeous instruction statement, and then stop. This pro-
cedure is given in detzil in the AUTOMAP Manual (Ref. 3). These errors
are either from imposing an impossible requirement on the program or are
from instances where insufficient or imaccurate data have been given the

program, or a card has been key-punched improperly.

Most of these errors can be corrected by simply typing the correct
instruction and entering it into the computer. The compiling can then
be continued. However, the errors in some of these instructions are
not readily discernable or cannot easily be changed by typewritten
correction. In such cases, it will be necessary to revise the input

cards in order to correct the error.

PHASE 11 OUTPUT

On occasion, an erroneous instruction will be accepted by Phase I. In
such instances, the program logic was acceptable to the computer program,
but the part was not properly definmed. An example would be where a
corner snipe instruction had been omitted so that the computer produced
a 90° corner. Another example would be where the machine was instructed
to turn in the wrong direction, but in so doing, was still able to find
a logical path. V

Phase 1II, if operated with Switch 1 in the ON position, will type out

5.0.0 C-1




coordinates which define the cutting path. This is a time-consuming
process, but an experienced programser can visually inspect this data

and spot such errors.

A faster and more foolproof method of locating such errors is to plot
the data produced by Phase II on an automatic X-Y plotter. (Appendix D).

The selection of the method for correcting such errors will be dependent
upon the type and complexity of the error. In the extreme, it may be
necessary to go back to the original program, correct the data, and
re-run both Phase I and II. However, the errors are not usually of this

magnitude, and therefore some shortcut procedures can save computer time.

It is possible to make corrections in either the output card deck of
Phase I, which requires re-rumning at least a portion of Phase II, or to
correct the cards in the output of Phase II. Again, the selection will

depend upon the type and complexity of the error.

1. Correcting Phase I Output

I1f the error is fairly complex but generally confined to only one
section of the part, it is possible to correct only that part of
the original program and re-run it through Phase I. The resulting
new cards can be substituted in the original Phase I output and

the entire program re-run through Phase II.

If the error is relatively simple, requiring merely the insertion of
an omitted instruction or the correction of an erroneous instructionm,
a new card may be keypunched in the format of the Phase I output and
and substituted in the Phase I output deck. This deck can then be

re-run through Phase II.

If the correction made in this manner is merely a replacement of a

5.0. C-2
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bad card a simple substitution is all that is required. However, if
the correction is made by the addition of a new card, the sequence
nushers in Columns 77 through 80 must be caitted to permit the card
to bypass the Phase II sequence check.

A whole series of instructions can be inserted in this msmner, but
the relative complexity of these instructions will determine whether
it is more efficient to do so or to go back and change the origimal
program card.

2. Correcting Phase IT Output

A considerable savings can be made if the programmer can correct the
Phase II output cards, rather than correct Phase I and re-rum it again.
Here again, the complexity of the correction will determine the method
to be used.

1f simple changes are desired which do not require mathewatical calcu-
lations, such as changes of feedrate, auxiliary instruction, or simple
point relocations, generally involving only one card, a new card can

be keypunched in the format of Phase II output and substituted directly.
The deck is thereby made ready for the post processing operation with

a minimum of effort.

It is possible to change a complete series of motions in this manner
and it might prove economical if the new coordinate data is readily
available. It must be kept in mind, however, that in Phase II output
the cvordinutes designate the path taken by the center of the torch,

not the edge of the part.
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POST PROCESSOR OUTPUT (Punched Tape)

The punched tape used to operate the flame cutting gchine* contains
information for the motions required which is punched in incremental
dimensional form. This means that the extent of motion in both the

X axis and Y axis is given in individual dimensions on a motion block
in the tape. This does not in any way give information as to the loca-
tion of the torch, either before or after the motion, but tells how far
and in which direction the machine is to move .**

If an error does occur in the data given on the tape (visible or lot of
full plate) or if changes are desired, it is nearly always necessary to
change two blocks of information to avoid unwanted motions in the rest

Pt. 2
of the part. Pt. 2a

Pt. 1

Pt. 3a

For example, assuming the path desired in the above sketch is through
Points 1, 2, 3, but through error the path obtained was Point 1, 2a, 3.
The data blocks as they appear and as they should be, are:

Line Incorrect Correct
1-2 X-19000 Y O X 30000 Y O
2 -3 X 11000 Y-08000 X 0 Y-08000

One can see that if only the first information block is corrected, the
result would be to have the torch end up at Point 3a, which only changes

the location of the error and introduces this error to all subsequent motiomns.

*
The Air Reduction Co., Tape-0-Graph, with GE Mark Century Director

*ok
Not true for all makes of directors.

]
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There are two basic ways to correct or change a tape, the use of which
depends on the extent of the change desired.

For major changes involving many blocks of data, or requiring substantial
calculation work, the best answer would be to modify the parts program
and run the whole job through the computer system again.

If the change desired affects only a few blocks of data and/or requires
1ittle calculation work, it would be cheaper to use a tape-punching
typewriter for the repsir. By inserting the original tape into the

card reader, both a duplicate tape and a typeout of the statements can
be obtained simultaneously. When the reader reaches that part of the
tape where the correction is required, it can be shut off and the correct
data punched into the tape. After the new data is punched, the original
tape can be threaded through the reader to a point agreeing with the
corrected tape. The reader and punch may then be turned on and the
remainder of the new tape can be duplicated from the old.

As this latter operation can be easily handled by typist operating a flex-
o-writer, it can be readily seen that many changes could be most economically
handled in this manner with a minimum of instruction from the parts pro-

grammer .

In effect, this procedure uses manual programming to produce the new
section of the tape.

If, during the course of cutting an actual pagi, an erv& causes an iuncorrect
wachine function, an experienced operatof can read the tape itself and locate
the error. Thig ie one of the sdvantages that punched paper tape hag over

magnetic tape. If the operator locates such an error, the tape can usually

be repaired in the above manner.
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AUTOMAP PHASE 11 PLOTTING PROGRAM

INTRODUCTION . .

METHOD . . . .

PROGRAM FLOW CHART

PROGRAM LISTING.
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Appendix D
AUTOMAF PEASK I1 FLOTTING PRECRAM

This program plots the output of AUTOMAP II, .Phase 1I, using an IBN-1620
computer equipped with a Cal-Comp plotter. It is used primarily for cemt
firming the accuracy of the data prior to msking the control tape.
Flotting speed is appreximately onc inch per second. This Appendix
includes operating instructions, a short discussien ef the theery invelved,
a program flow chart, and a program listing.

1. Place Thase II Plotting Program in Read Hepper
2. Clear msmory

Reset

Insert 26 00008 00009 R-S

After mamory clear, push instant stop.

3. Set Program Switches
Sw 1 - On to scale, off to plot full-scale
w2, 3, & ~ not used
4. Push load button on 1622
Fush reader start to read last two cards

3. Push cosputer start., If Su 1. was on, commuter will type "antar acals."
The scaling factor is entered on the typewriter in the format -XNOO amd
is & multiplier. For example, to plot 1/10 scale, 0010 would be typed
followed by R-8 kay. For 2 X acale, 0200 would bs typed.
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6. Plsce output of Phase II into read hopper
‘Ready the plotter
Push reader start on 1622

7. To plot amother part, repeat Step 5.

Error messages:
Pi = Given a coordinate larger than 999.999.
Other messages are self-explanatory

The plotter traces straight line increments along one of the eight
directions (four axes) shown in Fig. D-1. The increments are .01 in
the X and Y directions, and .0i%14" for the inclined directions.

A punch tape instructiom, 1, 2, 3, ..., 8, will move the plotter in omne
of eight specific directions. Instruction 0 will raise the pen, and 9
will lewer the pen.

+¥
A 1
8 2
7 =<3 o= X
3
% 4
s

Fig. D-1 Direction of Movement of Rlotter
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Given a particular quadrant (Fig. D-2), and a specific point, the line
comnecting this point to the origin must fall in one of the five cases
1listed below:

Case 1 Point P : AY =0
Case 2 Point Q : AX D AY
Case 3 Point R : AX = AY
Case 4 Point S : AY > AX
Cese 5 Point T : AX =0

Case 5
Y
| Case 4
/
oT
/S .Case 3

«= Case 1

Fig. D-2

After determining the case, the problem is reduced to positioning the

int + ne aide of tha hiscans af the auadrsnt
point to o gicde of the bhiszector of the guadrant

For Point P having & null or less than .005 increment in the Y direc~
tion, the procedure is as follows:

1. Round off the increment at the 1/100 position by adding or sub-
tracting .005 to its value if positive or negative respectively.

s
o
>
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w




Md tkis veunded valve to the correspinding ceordinate of Peint O
sad store it as the origin to determime the incremsmt for the maxt

poiat te be jeined.

Check for digit in the units pesition of the abselute value of the

increment for fast ome-inch moves.
Chack for digit ia the 1/10 pesitisn for fast 1/10th-imch meves.
Test for digit in the 1/100 pesitiom for simgle moves.

By subtractiag ene frem the csrrespemding positiea after each meve, the
incremeat will be zere at the completiom of the total move.

Por Point R the procedure is the same as mentioned above for Point P,
with the difference that both fncrements X aad Y ... , (Fig. P-2) will
be rounded off and added te the coordimates of Poiat O .

The methed fer plottisg these Peints I having umequal iacremeats ia
X and Y is as follows:

_1'

2,

4.
5.
6.

5.0.0

Get the ratio of the smaller to the larger increment in absolute
value.

Round off the imcrements X and Y and add them to the ceordi-
nates of the Point © to use these new values as the origin te
calcolate the increments fer the next peimt to be jeined.

. te the line ﬁ’,(rig. P-3) with segments i, ’A'i, etc.,
in the follewing manmer:

Set an XY coumter aqual to .005
Add o (Ratio x .01") to the counter
the couster with A} (= .01) (check for digit ia the

1/100 positien)

a. If the countar is greater, it means that we are closer
te the actual line going threugh the diagonal rather
than the horiseatal line

W + .005 > AN
-.Oﬁ" i < .005

(Wete: The XY commter has to ‘be reduced by ﬁ after the
disgeasl move and the cycls goes back to Step S.)




b. If the counter is less than A the closest path is the
herizontal lime

W+ .005 <M
S AR - W D .005

(Mote: The cycle goes back directly to Step 5 after the
herisontal move.)

An analysis cf the moves from 0 to B of Fig. D-3 will help te
clarify the methsd.

~1. XY coumter = MW + .005 > A4
2. Yove OA
3. n,counter-i;-l-.oos-ﬁ
4. nwmtet-i,+ .005 - AM +
=2 + .005 - AM
S. XY coumter = LK + .005 - AM< AM
s IX + .005 < 22
.005 <HE - I

|

[ /

23

T r

Fig. D-3 :

In the case of 2 movemeat along a circular arc, the procedure is to seg-
ment the arc into 10° segments and treat these segments as straight lines.




PROGRAM FIOW CHART - PHASE II AUTCMAP

OFF

CONSOLE
SWITCH 1

TYPE
SCALE

READ A CARD
WNTO "A°

PUT PEN DOWN

CONNERT X, .Y5 TO
FiX POINT FORMAT
SCALE Ry, ¥

CONSOLE SW 4 oM




CONVERT X ,¥Y TO
FIX FPOINT FORMAT
SCALE X,v IF

CONSOLE SW1 ON

5.0.0

[
\'

18T A
4" cAarp ?

YES




P

AX = Xy~ Ro
AY = ¥, _ Yo

= ay
[TOL
XOUTs= 3
Your= 1§
XYOUT = 2

XOUT=3
YOUT=5
RYOUT =4

SEY FiL AIIDF
FOR FAST

MOVE = 3

ROUND OFPF
ax

STORE |ax|
IN RCNTR

%o = Kg +AX

s avy
'YOL
XouT= 7
YouTs 4
XYOUT=8

XOUT= 7
YOUT= 5
rYOUT= 8

FiLL AREAS
TOR FAST
MONE= 5

ROUND OFF
AY

STORE |ayl
N KCRNTR

Yo = Yo+ AY

MOVE= 7

SET FLL @
TOR FAST

&

ROUND OFF
ax

'

&ToRE |AX]
WORSHTR

Ag» %o+ AR




|AY/A,‘|._ -0l

5.0.0

jaxi - |av]

T

ROUND OFF

RATIO =

2% -0

AX & AY

l

Xo = g+ AX

Yo = Yo+AaY




FAST oy RCNTR — 10,0

PGIT IN
‘Ao POSITION

X CNTR- 0.0

5.0.0 D-9




5.0.0

| XY CNTR Q.01

RCNTR _0-O0

!

YCNTR + 0.0t

b-10




VN | )

Yo = |ay|

AYCNTR =
AYCNTR +RATIO

5.0.0
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CIRCLE

Xc,Ye , RADIUS
FLOAT TO FiX

!

XY , RADWS
WULTPL. BY SCALE
¥ €51 ON

!

TF
Avd, M

RO=RO+4
RRO =RRO + &

RO -R9

5.0.0 b-12




RNCD A
MUST BEA 5 CARD

X3 Y2
FLOAT TO FiX

!

XZ . Y2
MULT.BY SCALE
¥ CS1 ON
- TEST TO SEE IF VERY CLOSE
10 (x;,,Y;) IF SO, BRANCH TO

NO YES ERD.
S ®




PES

5.0.0

SET CNTR
T0 ©

X X2

Yo Y2

B-14




5.0.0

A0 o— X1
YO e Y1

1

CLEAR XY CNTR,
X CNTR, AND
¥ CNTR

2-v1|_rR1
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Appendix E

AUTOMAP POST FROCESSOR

FOR GE MARK CENTURY DIRECTCR

OPERATING IMSTRUCTIONS . . . . . . . . . « . .
RESTING. .« ¢« ¢ ¢ ¢ =+ ¢ ¢ o o o o o s o o s o &
DATA FISW. . . . . . . ¢ ¢ o ¢t e o o o o o
SPECIAL CONSIDERATIONS . . . . . . . . « « o &
mmmmmsrmssu-nmmn

.

SAMPIE PROBLEM FOR POST PROCESSOR - OUTPUT DATA.

FLOW CHART OF POST FPROCESSOR . . . . . . . . .

PROGRAM LISTING. . . . « « « o s o o o s o o &

5.0.0 E

R-1
R-2
E-3
E-6
E-7
-8
-9

E-21




Appendix E

AUTOMAP POST PROCESSOR
FOR GE MARK CENTURY DIRECTGR

This program is the final step in the AUTOMAP system. It accepts as
input the output of Phase 11 AUIOMAP, and prepares punched paper tape
for use with the General Electric Company's Mark Century director on
the Air Reduction Company's Tape-0-Graph flame cutting machine. This
Appendix includes operating instruction, discussion of the nesting
technique, instructions for preparing nesting header cards, some
special considerations, sample problem, flow chart, and program list-
ing.

I. OPERATING INSTRUCTIONS

A. Clear memory
1. BReset - Insert
2. Type 26 00002 00003, R-S
3. After 5 seconds, push instant stop

B. Load Program
1. Push reset
2. Place post-processor program deck in :Read Hopper
3. Push load key on reader
4. Push reader start to read last two cards
5. Parity SW and 1/0 SW to stop, o'flow to program

C. GOperating Program
1. Ready paper tape punch

2. Program switch settings

5.0.0

SW-1 On - output is printed on typewriter, Off - not printed
SW=2 . On - output is punched on paper tape, Off - not punched




SWH-3 On - Tape punch will prepare a 3" blank segment of
Izbel.

frmn Lo = Leaod ——afaro.

= Merrn fom 2221
LOPE A8T 4 HAGRGTwWIkLLEn

AyPe An IRTiE

followed by record mark.
Example: Part 3052 Tape 1 ¥
Release - start

Tape punch will enter title in coded
format directly following the blank
area.

Run about two inches of tape to
separate title from machine tool
instructions

Sw-4 On - totals for length of path, cutting time and
sum of OX, AY motions are printed for each part and
for all parts (if last part has a "FINI" card),
Off - no totals

3. Lload daia deck (Phase 2 Qutput)
4. Press reader start and computer start

5. Error messages are self-explanatory, with the exception of
Err P1, vwhich means that a number larger than 1000 was entered.

II. NESTING

A.

5.0.0

When nesting, a special header card must be prepared for each
program to provide the post processing program with certain informa-
tion. (See Fig. E-1.) The information required tells the post-
processor how much a particular part is to be rotated and trans-
lated, and if reflection about a horizontal axis is desired. The
information is in the form of any two known points (X and Y coordi-
nates for each) on the original part, and three of the four
coordinates for the same two points on the transformed part). The
reason one of the transformed coordinates is omitted is that, in
giving the coordinates of two points on the original part, a
distance between them is implied and this distance must be carried
over to the points on the transformed part. This is accomplished by

letting the nesting routine calculate one of the coordinates on the

E-2




ASTOMAP T ™
[ I PN
OUTPUT — PHASE X -
WEADER CAND e
NITOMAP X -
==
OUTPUT.. PRASE X —“+$+——- 1 -
PLOTTED
PART
HEADER CARD f
¥ NESTING ROTATION_TRANS LM
TION INFORMATION

NTORAP X
VOET. PROCESSOR
PROSGRAM POR o ———— e e e - —
6F DIRECTOR wWITH
AIRLO - HACHINE .

TAPE
PLOTTING o = ——— —
PROSRAM

Fig. E-1 Data Plow -
AUTOMAP Post Processor (Inﬂluding

Vaastime Baukin \ for OR Mawk Cantuwrw

ting Boutine) for CE Mark Century
AIRCO Director

TAPE .0 - GRAPH
MACHINE
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tranaformed part. Por exsmnle. if a part were nrogrammed with the

indicated relationship to the coordinate system,

S - |
and it is desired that the part have the following relationship to

the coordinate systenm,

h §

T

Y, T
Y.T1

} } = X
xz'r Xl'l:

the values for 1’1 » 1’2 » rl'r and one of the two coordinates for ‘

PZT (either sz or Yz'l.‘) must be punched in the header card.

The format of this card is:

ce 1-2 1& if reflection about horizontal axis is not required
1 8 if part is to be reflected

cc 5-10 SCALE FACTOR: This number is of the form XXX000, and is
a nultiplier. For example, 1/8 scale would be 000125.
If a full-scale part is desired, 001000 must be punched
in these card columns.

5.0.0 B-4
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cc 21-26
ce 29-34
cc 37-42
cc 45-50
ce 53-58
cc 61-66
cec 69-74

cc 69

cc 75-80

cc 67

Y,T |
(Solution 1)

X1 conatant of form XEXMM. A negstive mmber will have
a flag over the third decimal place.

Y1

X2

Y2

X 1 Translated

Y 1 Translated

X 2 Translated

Y 2 Translated

This cc is used to indicate whether X 2 or Y 2 is
omitted. A flag means that Y2 T is omitted, while
the absence of a flag means that X 2 T 1s omitted.
May be used for identification

There are two possible solutions for X2 T (or Y 2 T).
A flag in cc 67 means to accept the more negative
solution, and its absence indicates the more positive

solution. For example, using a line between the key
points to represent the transformed part:

There are two solutions
if ‘12'! is omitted. A
flag in cc 67 would
select the lower vz'r

i
]
“
1
Yl'.l.‘ + 1
: in this case.
1
1
YT |
(Solution 2) :
lf' L
L i
X, T 12'1'

5.0.0
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1.

5.0.0

Cords may be ineerted imts the data deck at any point, and a
sequence error message avoided by cmitting the flag in cc 72.

If & card coded rspid (with an s in cc 73) is placed in the
parts program, the post processor will automatically assume
a feed rate of 100"/min (rapid traverse) for the increment

between the two data cards on either side of the rapid card.

Yor nesting, 100" /min feedrates sre automatically gemerated
for motions between parts.

If a feedrate factor greater than 5000 is calculated, the
program automatically sets the feedrate factor to 5000.

E-b




INPUT DATA

5.0.0

SAMPIE FPROBIEM FOR POST FROCESSOR

1105000005600000000

50500000005
1R77467605 4725473542074
1E77AL 772 RERELTAE LI T2
1RYTh67685h75547654207h




f e e —— —— oy —

SANPIE FROBLEM FOR POST PROCESSOR

OUTPUT DATA

GhXYM2MIN-4

GhX25YMM-2

GhXYMSMEM-

G1X 00A33Y O0OO00OFhG61k

63X 01816Y-01099J01816X00950F0975
61X Oh134Y-00000F0L83

G3X O0A7hY 00270.J00000K0054MDF3636
G2X 00 00229J0C392K00221 Fhikk
G1X 00306Y OO6BOF2969

61X~04252Y 00000FOA70

G1X 00000Y 00384F5000

G1X 03881Y 00272F051h

61X-02919Y 05377F0326
61X-~-00962Y-00962F 1470

G1X 00000Y 00929F2152

G1X-00233Y O000OF5000
Gi1X-02383Y-05615F0327

63X 01316Y-00235J01316K03565F0526
63X 00950Y 00121JG0000K0 F0526
G1X 00000Y-00271F5000

61X-02516Y 00000FO79k

61X~-00433Y 00000Fh6&1k
g:gvn—sn—un—ano

DELTA X SUM = 0000.000
DELTA Y SUM = 0000,000
LENGTH OF PATH = 5237303306
CUTTING TIME = 001.86

5.0.0 E-8




FLOW CHART OF POST_ PROCESSOR

4
2

INITIAL IZATION
(rm 1 cam)

!

WMUTIALIZATION
(enD camp)
|
BESW

TS IS ROTATION-TRANSLATION CARD

THIS 15 ROTATION -TRANSLATION
WNVERSION CARD

Trre ‘SEQuENCE ERmOR"

POST. PROCESSING CARD

L —==

FERD RATE e FEED RATE CARD, STORE & GO TO

BEGWN

5.0.0 E-9




TOOL RADIUS — DON'T NEED

CIRCLE CARD

TYPE WNVALD CARD)
CobE

START

5.0.0 E-10




Ol _CARD (POST-PROCESSING INFORMATION)

. 59" 15 NUMERIC
ccgy;": -;’ iy e REPRESENTATION
p OF AN R FOR RAPID

SET RECORD MARK
APTER
-7 INFORMATION

BEGIN I Sw4 OB

PUNCH IF SW2 ON
AND NOT RAPID
CARD

5.0.0 E-11




03 cARD _(_END OF PART)_
START
‘ GET TOTALSFOR
THE ,LENGTH OF
SUM OF A.X Xk AY -
START
60 TO TOTALS
TYPE OUT
5.0.0
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( 04 CARD (FINI _ END OF ALL PARTS)
P STARY
! o e
ON
YES
TYPE OUT
FINI

[TYPE OUT INFORMATION
FOR LAST PART

TYPE
*roraLs”

|

( 6O TO P START

5.0.0 E-13




05 LINE CARD

YES | ROTATE _.YRANSLATE & INVERT

TAIS POINT

CONVERT POINT
TO FIXED FORMAT
A& STORE

NOT ONE

CONVERT POINT
TO FIXED FORMAT
& STORE

3

FIND AX,AY

CALCULATE FERED-
RATE FACTOR =

FEEx)i + (AY#

IS FACTOR YES
> 5000 | SET TO 5000

SET FEBEDRATE TO
100 $ RECALCULATE
FEEDRATE
FACTOR

5.0.C E-14




5.0.0

SET P =P,

5

STORE INFO POR
*end”

TYPE OUT

IF SW4 ON

TYPE AX,AY &
FEED FACTOR
IF 3W4s ON

I

PUNCH AX,AY &
FEEDFACTOR
W SW 2 ON

!

CLEAR FLAE AT
BEGMN WHICH
INDICATED
RAPID MOVEMENT

BEGIN




96 CIRCLE CARD

CIRCLE
LAG
ves ROTATE ,INVERT &
T iy TRANSLATE THIS
‘ CIRCLE
NO |

CALCULATE FEED
RATE FACTOR
100 X FEEDRATE

!

CONVERT INFD
TO FIXED POQINT
& STORE

READ CARD

TYre "05 DOES NOT FOLLOW 06"

ROTATE , INVERT

& TRANSLATE
INFO.

CONVERT MNNFO
TO FIXED POINT
& ATORE

FIND QUADRANWT

LOCATION OF
B &Py

5.0.0 E-16




5.0.0

CUTPUT MOTIONG
BY QUADRANTS

PRINT QUTPUT
1" SWi Oou

PUNH OUTPUT
W SW 2 ON

FINISHED

WITH CIRCLE
OUTPUYT

SET PosR

BEGIN




18 _OR 18 _CARD ( ROTATION - TRANSLATION -

]
ROTIRAN

PR Te _PX,T

I

INVERSION HEADER _CARD )

SET FLAG AT
LINROT

!

ATORE CONSTANTS
FROM
HEADER CARD

REVERSE

SGNS ON ¥'s

WORK = WORK

WORK = WORK

~(PY¥ -PY,T)* -Px TP, T
Px;¥aVwork | v, 7= Vwork
NES LA AT LAB AT YES

(-

5.0.0

a

)

PR Tz X, T+
PR, T

PYT = - PY,T

]

PYTaPY,T +
PY, T

]

E-18




I
TRAN 2 ‘

om o - P07 =P (Pxy - Pxy) - (g -%) (PR - P,T)

(Pr2 —P%)? + (P ) -
(Pry = PX)(PIT —PXT) + (PY = PY,)(PYT-PYT)

(P70 ) +(Px, —Pxy)t

€0S & =

1

XKTRANS = PX,T —P%, CO5S @4+ PY,SIN®

Y TRANS = PY,T ~PX; SIN ® - PY,COS®

l

SET FLAG AT
LINE

l

SET FLAG AT
- RESIN

1

BEGIN

5.0.0 E-19




ROTATION . TRANSLATION - INVERSION SUB.- ROUTINE

CIRCLES

CIRROT

SCALE RADWS
& REVERSE
DIRECTION OF
CRLLE IF INVER.

LINES

LINROT A= XCOS O
Y= XSIN® +Y(OS@® +Y TRANS

~RTRANE + Y SN @

5.0.0

l

SCALE A &Y

BRANCH
BACK

E-20
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Appendix F

TAPE PLOTTING ROUTINE

INTRODUCTION

This program plots numerical contrcl paper tapes prepared for the
GE Mark Century director on an IBM-1620 computer with an on-line
Cal-Comp plotter. The input to this program (Fig. E-1 of Appendix E)
is a numerical control paper tape as prepared by the AUTOMAP II Post
Processor Program (Appendix E).

Typically, this tape would contain information for controlling the move-
wents of a nummerically controlled flame cutting machine along the
perimeter of parts which have been nested on a steel plate. Thus,

this program has the function of confirming the correctness of the
nested parts prior to actual cutting of steel.
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OFERATING IKSTRUCTIONS

A. (Clear Memory
1. Reset - Inserxt
2. Type 26 00002 00003 , R-S
3. After 5 seconds, press Instant Stop

B. load Program

1. Push Reset

2. Place tape plotting program in Read Hopper

3. Press load Key on Reader

4. Push Reader Start to read last two cards

5. Parity Switch and I/0 Switch to Stop, 0'flow to program
C. Operating Program

1. Thread N/C paper tape in paper tape reader

2. Set program switches

Prog. Sw. 1 - if OM, may enter on the typewriter coordinates
for the desired starting point of the plotted figure. Up to
eight significant digits plus a sign and a decimal point may
be entered.
Example: If the starting point is (2,-2) key in
b2, R-S (where b is a blank)

-2. R-8
if Sw. 1 is OFF, the starting point is assumed

to be (0,0).

Prog. Sw. 2 - If ON, the X and Y coordinates for each
plotted point will be typed out. On circular moves, the
computer will print out the coordinates of the end points of
chords along the circle at 5° central angle intervals for the
prescribed arc length.

Prog. Sw. 3 - If ON, a scale factor may be entered to plot a scaled
figure. Again, up to 8 significant digits plus a sign and decimal
point may be entered on the typewriter. The scale factor is a
divisor; therefore, if for example, a 1/2 scale figure is desired,
the value to be keyed in is b2.

If 5Sw. 3 is OFF, a full-scale figure will be plotted.
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GEMERAL DISCUSSION

The input to the director is & series of points, along with a code indicating
whether successive points are to be joimsd by straight limes or circular
arcs. If succesaive points are to be joined by straight lines (i.e.,
straight line interpolation between points), the director requires
increments in the X and Y directions. If successive points are to

be joined by circular arcs, the input information consists of the direc-
tion of travel on circle (clockwise or counter-clockwise), and the incre-
ments AX and AY between the successive points. The center of the circle
is specified in the same record as AX and AY increments to the center
of the circle. Circular arcs greater than 90° must be described in two
steps.

In addition to tool path information, the tape contains information
concerning the operation of the machine itsz1f, such as torch ignition,

dwells, etc. These are ignored by tape plotting program.

The first point is considered to be the origin of the figure, and con-
sequently no actual movement of the pen will be made until the coordinates
of the second point are calculated. With Switch 1 Oif, the operator has
the ability to key in on the typewriter the actual values of the
coordinates of the first point. Otherwise, they will be automatically

considered to be zero.
A circular move consists of straight line increments (chords) which

correspond to a central angle of five degrees. Therefore, the initial

and terminal points must be at least five central degrees apart.
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The input to the main program from the conversion (CONV) subroutine

consists of the followimg quantities:
N AX AY AT AK

N = Code nmber to indicate whether the next point is to
be joined by a straight line or by an arc of a circle,
and will also indicate directiom on circle (i.e., counter-
clockwise or clockwise.

N =1 Straight line interpclation
N = 2 Circular interpolation clockwise
N = 3 Circular interpolation counter-clockwise
AX AY = Delta-X and Delta-Y increments having both magnitude and
direction

AJ AKX = Delta-X and Delta-Y increments in the direction of the center
of the circle when code calls for circular interpolation.

The function of the PIOT Subroutine is described om Page F-29.

SUBROUTINE FUNCTIONS

The Tape Plotting Program has been written in the FORTRAN language. This
program requires the addition of two subroutines to the FORTRAN Library
subroutine deck. These subroutines are called CONV and PLOT. The CONV
(Conversion) subroutine has the function of converting the non-standard :
format of the N/C tape into a format acceptable to the FORTRAN program. '
The flow chart and program iisting for this subroutins is contained

in this Appendix, starting on Page F-36.

The PIOT subroutine has the function of doing the plotting based upon
points as calculated by the mainline program. Thus, the normal sequence
of events is to (1) initialize the program, (2) go to the CONV subroutine
to read the N/C paper tape and convert the format of the data, (3) return
to ihe mainline program to calcuiate the poiut to be plotied, {4) go o
the PLOT subroutine to plot the calculated point, (5) return to mainline
program, (6) go to CONV subroutine to read next block of information, etc.
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MATHEMATICAL FORMULAE USED

Por Straight Lines (Fig. F-1)

xB3=X + X
=Y + Y

-

A—"

rig. F-1

For Arcs of Circles (Figs. F-2a and F-2b)

When AX = 0
If AY (#) ——> X = 90°

If AY (-) ———>X = 270°

Otherwise
TARX = AY / AX
X = ARCTAN AX /| AY

Also
R = 2 4+ AR
An=\/&2+ AY /2
o =\% -
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Por W=3 (Counter-clockwise) tT=R- 3
=2 (Clockuise) £=R 7
In either case
XC = XA + R. COS €
YC = YA+ R. SIN £
S =6Gr-2.2

When XA = XC
1f A>YC —> T = 90°
bag o
If YACYC —> T = 270
Otherwise
TAR T =(YA - YC)/(XA - XC)
- -~
Z = ARCIAN T
then,
For R=2: (Clockwise }(Fig. F-Za

o> [+
First move is n-xc+x.ooS(E-5-)
YE = YC + R.SIN (Z --5°)

in increments of 52

e (]
XF = XC + R.COS (& - 107)

Second move Pl °
YF = YC + R.SIN (T - 107)

n-xc+1.cos(?-f)
Last move —
n-‘zc+n.sm(z-f)
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and, Yor W=3: (Counter-clockwise) (¥ig. F-2b)

XE = XC + R.COS (% + 59)
The first move is ot E °
YE=YC+R.SIN (Z +5)

in increments of 5%

= o
Second move xr xc+l.oo3(£+1o;)
AP = YC + R.SIN (T + 109

. -
. -
. -

XB = XC +R.C08 (§ +J)

Last move - o~
YB=YC+R.SIN(ZT +5)
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Fig. P-2a M =2 clockwise

Fig. F-2b N =3 CGounterrclockwise
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FORTRAM MAINLINE PROGRAM LISTING

<

C % AIRCO TAPE PLOT 11/17/62
DX=0,
DY=0,
DUMMY=PLOT(11111.)
IF(SENSE SWITCH 1)61,62
61 ACCEPT 201,VALX,VALY
GG TO 19
62 VALX=0D.
VALY=0.
19  X=VALX
Y=VALY
REAL X=VAL X
REALY=VALY
N=1
DJ=0.
DKwG ,
L=2
GO TO 10
IF(SENSE SWITCH 3)54,55
ACCEPT 200,SCAL
GO TO 58
SCAL=1,
DUMHMY=CONV(2.)
XP=DX/SCAL
YP=DY/SCAL
DJ=DJ/SCAL
DK=DK /SCAL
GO TO (13,14,14),N
13 Xu=X4+XP
YuY+YP
L=0
REAL X=REAL X+DX
REALY=REALY+DY
10 1F(SENSE SWITCH 2) 16,17
16 PRINT 200,REALX,REALY
17 GO TO 320
1h L2
R=SQRT (DJ*DJ+DK*DK)
XB=X+XP
YB=Y+YP
IF(XxP)1,2,1
iIF(YP)3,1,5
TANA=-9,9EL8
GO TO &
TARA=5 .SELS
GO Th b
TANA=YP/XP
V=ATAN(TANA)

LAY, LY,
(- 15 B L ]

L Y WN
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~Nw 0N

30
L7

5.0.0

IF(XP)9,
1IF(YP)6,
V=6,2831
G0 70 7

,8
o7

8
7
94V

DIST=SQRT( XP*XP+YP*YP) /2,

ALT=SQRT(R*R-DIST*DIST)
TANA=ALT/DIST
VA=ATAN(TANA)

Go 10 (13,73,72),N
VB=V-VA

GO TO 67

VB=V+VA
XC=X+R*COS(VB)
YCuY+R*S1N(VB)
Vm3, 14159-2,%VA
IF(X-XC)20,21,20
IF(Y-YC)22,20,24
VA-“'I 05 708

GO TO 25

VA=1,5708

GO TO 25
TANA=(Y=YC)/ (X-XC)
VA=ATAN({TANA)
IF(X-XC)27,23,23
IF(Y=YC)53,26,26
VA=6,28319+VA

GO TO 26
VA=3,141594VA
ANG=0,
ANG=ANG+.08727
L=L-1

GO 1O (13,37,45),N
VB=VA-ANG

GO TO 36

VB=VA+ANG
XB=XC+R*COS(VB)
YB=YC+R*SIN(VB)
REAL X=REAL X+ ( XB=X) *SCAL
REALY=REALY+(YB~Y)*SCAL
X=XB

Y=YB

GO TO 10
DIF=V-ANG
IF(DIF-,08727)47,34,34
ANG=ANG+D I F

[, |

GO TO hk

F-13




320

110
200
o1

5.0.0

L=L41

XuX

DUMMY=PLOT(Y)

GO TO (58,30,57),L
FORMAT(2F10.4)
FORMAT{Fi0.4/F10.4)
END

V=14




BaB+2

FLOW CHART OF CONVERSION (CONV) 'SUBROUTINE

READ YAPE
IN ADDRESS

| SET FLAS

N B

ADDRESS =
ADDRESS+ 2

Dom.

MBER
ADDRI

5.0.0

YES

A = ADDRESS B2 ADDRESS - ¢
¢ MARK WO ca..:Ai LAG
A=A 4+2

ADDRESS =
ADbRESS + 2
XES 4 RO STORE
N= NUMBER
YES
1

F-15

C = EXCESS ¥2

SET CHARACTERISTIC




ADDRESS =
ADDRECS +2

1

[ ADDRESS =
ADDRESS$ 2.

STYORE Y

CHARACTERISTX|
SERCESS+2

A

STORE |
K : °
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ADDRESS =
ADDRESS +2

MiNUs YES

SET FLAG
IN X

|

5.0.0

Fu17

ADDRESS =
ADDRESS & 2
ADDRESS = no
ADDRESS +2
c=C-}
ADDRESS =
ADDRESS + 2.
CHARACTER 1STIC ABDRESS =
STORE X C=EXCESS+2 ADDRESS + 2
NO RECORD ADDRESS =
MARK ADDRESS +Z
YES
STORE X
Y=0

YES

STORE

W0 O

Na |

(

YES




ADDRESS =

ADDRESE+2. |

ADDRESS =
ADDRESS +2

5.0.0

ADDRESS
ADDRESS+2

STORE
T=O

STORE K |

¥ IN
ADDRESS
NO
SET FLAG ADDRESS =
N VY ADDRESS +2
¥-18




5.0.0

ADDRESS =
ADDRESS+ 2

ADDRESS =
ADDRESS 42

STORE J

CHARACTERITIC

C = EXCESS 42

EF-19
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PLOT SUBROUTINE
METHOD

The plotter traces straight line increments along one of the eight
directioms (four axes) chown im Fig. 1. The incremsnts are .01" in the
X and Y dirvections, and .01414™ for the inclined directioms.

A pumch tspe imstruction, 1, 2, 3, ..., 8, will move the plotter in
one of eight specific diractions. Imstruction U wiil raise the pen,
and 9 will lower the pen. +Y

8 1 2

-+ X

Fig. 1 Direction of Movement of Flotter
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N

Civen a particular quadcant (Fig. 2), amd a specific point, the line
comnecting this point to the origin must fall in one of the five cases
1listed below:

Case 1 Poiat P : AY =0
Case 2 Point Q : AXD AY
Case 3 Point R : AX = AY
Case 4 Point S : AYD> AX
Case 5 Point T : AX =0

Case 5

Fig. 2

After determining the case, the problem is reduced to positioning the
point to one side of the bisector of the quadrant.
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Por Point P having a null or less than .005 iacrement in the Y directiom,
thi procedure is as follows:

1.

2.

3.

&
5.

Rovad off the incremsmt at the 1/100 positiom by addimg or
swwitaciing -O00 o its value 4l pesitive oi msgative Tespectiively.

Add this rounded value to the correspomdiag coordimate of Point 0
and store it as the origin to determime the increment for the next
point te be joined.

Check for digit in the units position of the absolute value of the
increment for fast ome-imch moves.

Cheek for digit in the 1/10 position for fast 1/10th-imch moves.
Test for digit in the 1/100 positiom for single moves.

By subtracting one from the eorrespo-din; position after each move, the
increment will be zero at the completion of the total move.

For Point R the procedure is the same as mentionsd above for Poimt P
with the differeace that both imcrements X and Y ..., (Fig. 2) will
be rounded off ani added to the ceordimates of Foint O .

The methed for plotting those Points Q having unequal increments in
X and Y is as follows:

1.

2.

5.0.0

Get the ratio of the smaller to the larger increment in sbsolute
value.

Round off the incxements X and Y and add them to the coordinates
of the Point O to use these new values as the origin to calculate
the increments for the next point to be joined.

Approximate the line E (Fig. 3) with segments -0-:, E, etc., in
the following manner.

Set an XY counter equal to .005
Add W (Ratio x .01) to the counter

Compare the counter with ﬁ_(- .01) (check for digit in the
1/100 position)

a. If the counter is greater, it means that we are closer
to the actusal line going through the diagonal rather than
the horizontal line

W + .005> AM
&AM - M <.005
(Rote: The XY counter has to be reduced by HA after the
diagonal move and the cycle goes back to Step 5.)

F-31
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b. If the counter is less than MA the closest path is the
horizontal line

M+ 005 < AR
&AM -MR > .005

(Note: The cycle goes back directly to Step 5 after
the horizontal move.)

An analysis of the moves from O to B of Fig. 3 will help to
clarify the method.

Kl

1. XY counter = MR + .005 >
2. dove UA

|
'

3. XY Counter = MN + .005 - AM
&, XY Counter = MN -+ .005 - AM + MN
coom 2MR 4+ .005 - AM
5. XY Counter = IK + .005 - AN < AM
SIK + .005 € 2AM
.005 < BEK - Ix

6. Move AB

Fig. 3
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USE OF THE SUBROUTIRE IN A FORTRAN PROGRAMY

The calling sequence for the plot subroutine is:

X = Any expression
Dummy = PLOTF (Y)
wacwe:l
X = Coordinate X of the point to be plotted. This value
must be on the right-hand side of the instruction

preceding the plot instruction. This is to place this
value in FAC (Floating Point Accumulator).

Y = Coordinate Y of the seme point
Dussmy = Any floating point dussy variable not used in computation

2. Dummy = PLOTF (11111.) is an instruction that must be placed at
the beginning of the program. This will set the subroutine to
start, put the pen dowm, and ready the subroutine for a set of
data.

b. Dussmy = PLOTF (50000.) will only put the pen dowm
c. Dummy = PIOTF (60000.) will put the pen up

Instructions b., and c., are complete by themselves and do not require

any prior instruction.

Attention is called to the fact that the origin of the plotted figure is
automatically set as the first point.

This subroutine can only handle X and Y values having up to three
integers (at the moment they are stored in FAC and argument, respectively,

ready to be plotted).

me User should refer to the FORTRAN Manual for the procedure to incor-
porate this subroutine in the library subroutines deck.
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* & & SAMPLE FORTRAN PROGRAM * k%

c SAMPLE PROBLEM FOR PLOT SUBROUTINE
JUL 10=0
c SEV THE PLOT SUBROUTINE TO INITIATE

10 DUMMY=PLOTF(11111.)
READ 100,SCALX,SCALY

c READ IN X AND Y COORDINATES CF THE POINT
11 READ 100,X,Y
c CHECK FOR- PEN UP OR DOWN
IF(X-5000.)12,13,14
c PUT THE PEN DOWN -
13 DUMMY=PLOTF(50000.)
GO YO 11
c PUT THE PEN UP
14 DUMMY=PLOTF(60000.)
GO TO 11
12 Y=YXSCALY
X=X*SCALX
DUMMY=PLOTF(Y)
- GO TO 11 :
100 FORMAT(8X,F15.8,3X,F15.8)
END
* * * SAMPLE DATA * * k
. <5
2. 2,
6. 2.
6. 6.
2. 6.
2. 2.
3. 3.
6000, 0.
5. 5.
5000, 0.
6. 6.
6000, 0.
6. 2.
5000. 0'
5 3.
6000, 0.
2. .
5000, 0.
3. 5%
5e 5.
Se 3.
3. 370
3. 5

5.0.0 F=-34




5.0.0

* k &

SAMPLE OUTPUT

*

F-35




FLOW CHART OF PLOT SUBROUTINE

DOWN

| COUNTER+ 1

2
HARACN NO COUNTER D>
YES =2
CONVERT
YES SA % XY FLOATING
T TR

. STORE X & Y
INITIATE ¢ ™ X0 % YO
@) COUNTER=.O

b) Pen DOWN
:é Ak AY =0

€/ RONTR =YCNTRLO

5.0.0

MAIN PROGRAM

“R-36




BB STORE X kY
W OR R Ve
ACNTR =0 AXe X1 XO
YINTR =20 AV = ¥1-YO
XYCNTR =0 c T

SET FHL AREAS
FOR FAST MOVE |

=1

ROUND OFF
AvY

SET FRL AREAS
FOR FAST MOVE
=5

ROUND OFF
aY

5.0.0

YO = YO+ AY

STORE | AY]|
IN X CNTR

F=37

22

ROUT =7
Y OUT =5
XY OUT =6

ROUND OFF
A X

SET Fill. AREAS
FOR FAST MOVE




.

5.0.0

SET FILL AREAS
FOR FAST MOVE]
=3

ROUND OFF
(=%

STORE o x|
IN X CNTR

XO= RO+ AX

=TOL

21

AY

XOUT= D
Youra1
XY OUT=2

Fi38

AXOUT = 3
YOoUT= 5
XY OUYT = 4




RATIO=

15%/avle -0

RATIO =
[ |5%axl» -0

RO OFF

AX & AY

X0 = XO + AX
YO = YO+ AY

XCNTR = |ax}

XYCNTR = XYCNTR + RATWO

; XY OUT Jemn—YES
XYCNTR -~ <O} PULSE XOUT
YCNTR + -Of XCNTR - -OF




SET FIL AREAS
FOR FAST MOVE
= XY ouT

XCNTR ~ 10

XCNTR - 1

DISIT 1IN
THE UNITS POSIT,
XRCNTR

RCNTR -1

DIGIT IN
THE 0 POSIT.

ACNTR
YES

XCNTR .- Ol

X CNTR = O ——
CLEAR 'y YCNTR=0O 1 v H
XYCNTR =0 hoo'vove

5.0.0 F=40




XYCNTR~ -Ol ACNTR +-0l

PULSE YOUT - YONTR - O}

XYCNTR = XYCNTR + RATIO

YONTR = jav]

5.0.0

PULSE 7 PULSE 3

Fo41
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